The K variant of human butyrylcholinesterase is caused by a G/A transition in the butyrylcholinesterase gene, which neither creates nor destroys any restriction site. In an attempt to detect the K variant both simply and rapidly, we developed a two step method of "PCR primer introduced restriction analysis" (PCR-PIRA). The first step was used to introduce a new Fun4HI site into the normal allele for a screening test, while the second step was performed to create a new MaeIII site on the variant allele for a specific test. This method thus enabled us to distinguish clearly the K variant from the normal allele, and also showed that the frequency of the K variant allele is 0-164 in the Japanese population.
found to cause a 33% reduction in BChE activity,' and it was first recognised using dibucaine inhibition. 6 Although the dibucaine or fluoride numbers have most commonly been used to identify various genetic variants including the K variant,6 they tend to vary depending on the substrates, temperature, and buffer. Furthermore, the inhibition tests are not able to distinguish the K variant from normal enzymes when the K variant is linked to the atypical variant on one enzyme subunit.8 Consequently, it is considered important to develop a more specific detection method for the K variant.
Recently, the K variant was found to be caused by a point mutation at nucleotide position (nt) 1615 (GCA/ACA) in exon 4 of BCHE, which might cause the Ala 539 to Thr change.8 Unfortunately, this mutation neither creates nor destroys any restriction site. Therefore we adopted the method of "PCR primer introduced restriction analysis" (PCR-PIRA)9"0 in order to devise a new detection method for the K variant.
In this paper we report on a reliable and specific new test to detect the K variant mutation based on PCR-PIRA and discuss the estimated frequency of the K variant in the Japanese population.
Materials and methods

SUBJECTS
One hundred and sixteen unrelated Japanese subjects who lived in Beppu City and neighbouring areas were studied. Informed consent was obtained from all participants.
As a positive control, we used DNA from two unrelated persons who had been identified as homozygous or heterozygous for the K variant by DNA sequencing.
SCREENING TEST FOR THE K VARIANT
Genomic DNA samples were prepared from peripheral leucocytes." The amplification of genomic DNA (approximately 100 ng) was carried out by PCR in 10 gl total volume which included 10 x PCR buffer (100 mmol/l Tris-HC1, pH 8 (fig 4, lane 3) .
The second PCR generated the predicted product of 203 bp. The product from a homozygote for the K variant was completely digested into fragments of 186 and 17 bp by MaeIII (fig 4, lane 8) . A heterozygote for the K variant yielded two bands of 203 and 186 bp (fig 4, lane 7) , and a normal subject was found to be resistant to digestion (fig 4, lane 6) . In this study, 35 samples which had been screened as resistant to Fun4HI digestion all had the PCR-PIRA with MaeIII digestion performed on them, and the predicted products were obtained without any difficulty. The results clearly showed that all alleles which had shown resistance to Fun4HI digestion contained a G/A transition at the first position of BCHE codon 539. This was then later confirmed by direct sequencing of that DNA region. We found 32 (27-6%) of the 116 Japanese subjects to be heterozygous for the K variant, with three subjects (2-6%) homozygous. The allele frequency was determined to be 0-164 for this variant.
Discussion
Recently, a molecular method for detecting the K variant by using allele specific biotinylated oligonucleotide probes was reported by La Du et al. ' 2 This method had remarkable advantages, but it still appears to be quite difficult to obtain such optimal experimentation conditions.
PCR-PIRA allows the detection of a mutation which neither creates nor destroys a restriction site. 9 We therefore applied this strategy to the development of a new method for detecting the K variant of BCHE. Although modified primers either contain a single base mismatch at the fourth position or at the penultimate position from the 3' end, each PCR at a selective annealing temperature can produce the predicted products which are then subjected to restriction analysis. In our case, the first PCR was achieved at a higher annealing temperature than is normally used.
In the presence of a G/A transition at the first position of BCHE codon 539, the first PCR-PIRA prevents the formation of the Fun4HI to Fun4HI digestion contain the G/A transition. However, this test is not specific for the K variant since the introduction of the Fun4HI restriction site would also be destroyed by other possible mutations at nt 1615. It is certain that a mutation at nt 1616 would prevent amplification from occurring and an A to C mutation at nt 1619 could not be distinguished from a normal allele. Any mutation at the annealing site with the primer in the original DNA template would also prevent any amplification and if the first PCR product is made, then only a mutation at nt 1615 would prevent the formation of a Fun4HI site. On the other hand, the second PCR-PIRA with MaeIII digestion is specific for the K variant. However, the second PCR-PIRA prevents the formation of the MaeIII restriction site in the presence of a different mutation at nt 1615 or nt 1616, while a lack of amplification might indicate a mutation at the annealing site. The Fun4HI(-)/MaeIII( +) PCR-PIRA genotype can only arise from the K variant. Thus, this two step PCR-PIRA procedure clearly enables us to distinguish the K variant from the normal sequence at nt 1615.
The allelic frequency of the K variant has genotypically been determined to be 0-112512 and 0-1288 in the US population, and phenotypically to be 01 1513 and 0-1337 in the British population. Our estimation of the allele frequency of the K variant in the Japanese population was therefore similar to that of whites.
It is unknown why the K variant should cause a reduction of BChE activity. Although it has been reported that an atypical variant or polymorphisms, such as those at nt-1 16 or 1914, are present on the same K variant allele, these are not always related to the K variant phenotype.8 Therefore, it is important to examine whether the K variant might also exist in the gene and thus be linked to other mutations responsible for the reduction of activity. Furthermore, the RFLP analysis based on PCR-PIRA would simultaneously permit the rapid and simple analysis of many samples and have wide applicability in detecting many other mutations which neither create nor destroy any restriction site.
